Objectives Life expectancy in the USA reached a record high of 78.7 years in 2010. However, the racial gap in life expectancy persists. National data, which are readily available, provide averages which mask important local-level differences. Local data are needed to identify the worst off groups, key to reducing disparities and pursuing health equity. Methods Using vital records data, we calculated life expectancy for the USA and Chicago by race/ethnicity and gender and for Chicago's 77 community areas. We also examined the correlation between life expectancy and (1) racial/ethnic composition of a community area and (2) median household income. Results In Chicago, the highest life expectancy was observed among Hispanics at 84.6 and the lowest life expectancy was observed among Blacks at 71.7-a difference of about 13 years. Life expectancy varied substantially across the 77 community areas of Chicago, from a low of 68.2 to a high of 83.3-a difference of 15 years. There were strong correlations between life expectancy and the racial, ethnic, and socioeconomic distributions among the community areas. Conclusions The examination of data at the local level provides invaluable insight into which communities are facing the greatest burden in terms of health and well-being. It is only through the examination of local-level data that we can understand the unique needs of these communities and begin to address them.
Public health, technological, and scientific advances have led to better health and longevity in all parts of the world, including the USA. Over time, this has resulted in longer life expectancy, a prominent measure of a population's health. For example, from 1980 to 2010, the US life expectancy increased from 70.0 to 76.2 years for males and from 77.4 to 81.0 years for females [1] . Despite this notable progress, race continues to be a significant predictor of life expectancy. In 2010, the life expectancies for non-Hispanic Whites (Whites), non-Hispanic Blacks (Blacks), and Hispanics were 78.8, 74.7, and 81.2 years, respectively [1] . In addition to race/ethnicity [2, 3] , several other factors that influence life expectancy have been identified, such as age [4] , gender [5] , education [6, 7] , income [8, 9] , and other social determinants of health [10] [11] [12] [13] [14] . National-and state-level life expectancy data are abundant and provide substantial information and assessment of the current population's health [15] [16] [17] . However, there is limited research using more local data [8, [18] [19] [20] [21] [22] . These types of analyses can be especially useful in providing further insight into smaller areas by revealing variations concealed by the averages of large population data. In addition, information gleaned from these analyses can spur local policy changes and guide appropriate resource allocation [23] . Identification of the worst off groups is the key to reducing disparities and pursuing health equity.
With this in mind, we analyzed vital statistics data for Chicago and its 77 community areas and calculated the life expectancy for each. We also examined life expectancy by race/ethnicity and gender and compared these estimates to national life expectancy data. Finally, we examined the correlations between life expectancy and (a) racial/ethnic composition of a community area and (b) median household income.
Chicago provides a good setting for such a study as it is one of the most segregated cities in the USA [24] , and racial disparities in several health outcomes have been well documented at both the city and community levels [25] [26] [27] [28] [29] .
Methods
Setting Chicago is the third largest city in the United States, with 2,700,000 residents. The racial/ethnic make-up of Chicago in 2010 was 29 % Hispanic, 32 % Black, and 32 % White. In 2008, there were just under 20,000 deaths in the city [30] . Chicago is divided into 77 officially designated community areas which are the sums of census tracts and which have historically been used to examine local variations in health data.
Measures Life expectancy was calculated by employing the Chiang methodology to construct current life tables [31] . Current life tables project the life span of each individual in a hypothetical cohort using the actual death rates of a given population. To estimate the life expectancy by age (19 age groups: 0, 1-4, 5-9, 10-14,…80-84, and 85+), race/ethnicity (White, Black, and Hispanic), and sex for Chicago and US residents, three data elements were required: the number of births, the number of deaths in each age group, and the population in each age group. Given past research which has shown that the census counts for the zero age group are often inaccurate [32] , we used births to estimate the population of age group zero.
To calculate the number of births and deaths, we analyzed birth and death certificates from Illinois Vital Records supplied to us by the Chicago Department of Public Health for all residents of the city of Chicago during the years 2006, 2007, and 2008 (2008 being the most recent year for which data were available) [30, 33] . Data for denominators were drawn from the US Census Bureau, 2000 and 2010 as the  annual population estimates available for 2006, 2007, and  2008 do not provide the level of detail necessary for the construction of a life table. Using data from these two points, we performed linear interpolation, which assumes a constant rate of population change, to obtain the denominators for 2006, 2007, and 2008 . We used data from these years to calculate a three-year average life expectancy.
For purposes of comparison, we present life expectancy at the national level as well. These data, which are also derived from death certificates, are provided annually via the Centers for Disease Control and Prevention's National Vital Statistics Reports. However, the variance of the life expectancy, which is necessary to perform tests of statistical significance, is not provided in the reports. We used data from 2007 to calculate the life expectancies and corresponding variances for the race/ethnic-gender groups in the USA. To calculate the number of deaths, we abstracted data from the 2007 death files obtained from the National Center for Health Statistics [34] . The number of births, as well as the population data was derived from published reports for the year 2007 [35, 36] .
Two demographic variables were included in the analysis: racial/ethnic make-up and median annual household income of each community area of residence. Data on the race/ethnicspecific populations in each community area were obtained from the US Census Bureau, 2000 and 2010. Linear interpolation was used to calculate the 2006-2008 3-year average percentages for each race/ethnic group. Our analysis includes White, Black, and Hispanic race/ethnic groups. Data on median household income for each community area were obtained from the American Community Survey, 2010 (5-year estimates for 2006-2010). City-level data, derived from the same sources, are also provided for purposes of comparison.
Statistical Analysis
We calculated life expectancy for each of the 77 Chicago community areas and then correlated these with the race/ethnicity and the median household income of the area. Spearman's correlation coefficients were calculated using the SAS procedure PROC CORR. T tests were employed to determine whether the correlation coefficients were statistically significant. Z scores were calculated to test whether the USAChicago differences in life expectancy were significant and to test whether differences between racial/ethnic groups within Chicago were significant [36] . A p value of 0.05 or less was considered statistically significant for all analyses. Table 1 displays the life expectancies by race/ethnicity and gender for Chicago and the USA. The data reveal extensive variation in life expectancy across race/ethnic groups. All differences within and between race-gender groups, including USA-Chicago differences were significant at p<0.05, except the White USA-Chicago comparison.
Results
The overall life expectancy for Chicago was 76.9 years. The Hispanic life expectancy was significantly higher at 84.6 years. The White life expectancy (78.8 years) was significantly lower than the Hispanic life expectancy, though still significantly higher than the Chicago average. At 71.7 years, Blacks had the lowest life expectancy, approximately 5 years lower than the overall average for the city; 13 years lower than the Hispanic life expectancy; and 7 years lower than the White life expectancy (all statistically significant).
Comparing these figures to the national data, we see that the overall life expectancy for Chicago is 1.7 years less than the national average. However, Hispanics in Chicago actually fare better than their counterparts nationally by 1.2 years. Blacks in Chicago, on the other hand, have a lower life expectancy than Blacks nationally by 2 years. Furthermore, while the Black:White difference in life expectancy is about 5 years nationally, it is 7.1 years in Chicago. Thus, large differences exist both between Chicago and the USA and between race/ethnic groups within Chicago. Additionally, among males, the Black:White gap in life expectancy is 8.9 years in Chicago compared to 6 years nationally. For females, the Black:White difference is 5.7 years in Chicago compared to 4 years nationally.
In order to further examine these race/ethnic differences, we calculated life expectancy at the community area level. Table 2 displays the life expectancies, ranked from highest to lowest, along with racial/ethnic make-up and annual household income for each of the 77 community areas in Chicago. Figure 1 displays a map of these community areas with light to dark shading for lowest to highest life expectancy. The life expectancy ranged from a low of 68.2 in West Garfield Park to a high of 83.3 in Near North Side. The community areas with the lowest life expectancies (those in the 4th quartile) were overwhelmingly located on the west and south sides of the city and had predominantly Black populations. Table 3 displays correlation coefficients for life expectancy and racial/ethnic make-up of a community area. There was a strong, negative correlation between the proportion of Black residents in a community area and the life expectancy (−0.75; p<0.0001). Conversely, there was a strong, positive relationship between the proportion White and life expectancy (0.75; p<0.0001). The correlation was positive and smaller but statistically significant for Hispanic people (0.49; p<0.001). Table 3 also displays correlation coefficients for life expectancy and median household income. Here, we observed a strong, positive relationship between household income and life expectancy for the entire city (0.66; p<0.0001). This relationship prevailed for the 28 community areas that were predominantly (60 % or more) Black (0.55; p<0.01). For the 13 predominantly White community areas, as well as the 24 community areas in which there was no majority race/ethnic group, the correlation was positive, but weak and not statistically significant. For the 12 predominantly Hispanic community areas, the relationship was negative, but weak, and not statistically significant.
Discussion
This analysis presents data on life expectancy for the USA and Chicago by race/ethnicity and gender and for Chicago's 77 community areas. Disparities are prominent. For example, in Chicago, the highest life expectancy was observed among Hispanics at 84.6 and the lowest life expectancy was observed among Blacks at 71.7-a difference of about 13 years (Table 1) . Similarly, across the 77 community areas of Chicago, the life expectancy ranged from a low of 68.2 to a high of 83.3-a difference of 15 years (Table 2) . Finally, there are strong correlations between life expectancy and the racial, ethnic, and socioeconomic distributions among the community areas (Table 3) .
Recent analyses of health conditions in Chicago have revealed that Blacks fare worse than Whites or Hispanics on a variety of indicators, including stroke [26] , diabetes [27] , and breast cancer mortality [28] , as well as maternal smoking [29] . These analyses have also shown a strong, negative, and statistically significant correlation between these conditions and median household income at the community level (at the city level for breast cancer) [26] [27] [28] [29] .
There is extensive support in the literature for the relationship between socioeconomic status (SES) and poor health. Studies examining the relationship between SES and mortality at the block group, census tract, and neighborhood levels have all reported findings of substantially lower life expectancies or higher premature mortality (death before age 75) at the lowest levels of SES [18, 20, 37] . For example, a study of life expectancy among Californians in 1999-2001 found that, compared to those living in the highest SES quintile, males and females living in the lowest SES quintile had life expectancies 7 and 4.4 years lower, respectively [18] . In an analysis of premature mortality in Boston in 1999-2001, those living in the most economically deprived census tracts (≥20 % below poverty) had a premature mortality rate 1.39 times higher than those in the least impoverished tracts (<5 % below poverty) [37] .
There are multiple ways in which SES might impact one's health and subsequent life expectancy, and these pathways are All Z tests for within-group differences were significant at the p<0.00001 level. This includes within-race gender differences and between-race group differences described extensively in the literature. For example, it is generally understood that living in poverty may impede one's ability to acquire knowledge about, locate, or obtain access to health-promoting and illness-preventing resources. Thus, residents of poor neighborhoods may experience fewer opportunities to engage in physical activity, buy healthy foods, or access quality health care. The strain of living with limited resources can produce stress and anxiety, which can impact health either directly, through the weathering effect, or indirectly, through the uptake of unhealthy behaviors like smoking, drinking, and drug use. Cultural norms, which may vary by income, can also play a role in behavioral choices like smoking and diet [18, 20] .
Although SES is clearly an important factor in understanding racial disparities in health, it alone cannot fully account for the observed differences. Recent studies have reported disparities in mortality among Blacks and Whites even after adjusting for SES [18, 38] . For example, in their study of life expectancy in California, Clarke et al. observed a 2-4 year gap in life expectancy between Blacks and Whites across all levels of neighborhood SES [18] . There are several pathways through which race may impact health outcomes, including segregation and discrimination, both of which are the result of racism [39] . Segregation results in unequal exposure to social and environmental risks and unequal access to healthpromoting resources, all of which impact health [14, 39] . Perceived discrimination significantly and negatively affects both mental and physical health outcomes [40] . Moreover, it can indirectly affect health outcomes via mediating mechanisms such as increased stress responses and altered health behaviors [40] . When discussing the effect of race and SES on health outcomes like life expectancy, it is informative to consider the finding of relatively long life expectancy among US Hispanics, who outlive both White and Black Americans, despite having an SES profile comparable to that of Blacks and worse than that of Whites. This apparent paradox, often referred to as the BHispanic Paradox^, has been widely discussed, and several theories have been put forth to explain it.
Two theories, both having to do with migration patterns, have found some support in the literature. The Bsalmon biasŝ uggests that the return to the home country among ill immigrants artificially deflates the death rate among Hispanics in the USA, resulting in the appearance of a longer life expectancy [41] [42] [43] . The other migration-based theory points to a selection effect, whereby Hispanics migrating to the USA tend to be healthier than their counterparts who stay behind. Research suggests that the selection effect may play more of a role than return migration in the apparently longer life expectancy of Hispanics [43] .
One health behavior thought to explain Hispanics' longer life expectancy is their lower tobacco use-the share of Hispanics who smoke at all is small and those who do smoke, smoke fewer cigarettes [44] . In a recent study of Americans ages 50 and older, when researchers eliminated smokers from the analysis, they observed that life expectancy among foreign-born Hispanics did not significantly exceed that for non-Hispanic Whites, and US-born Hispanics' life expectancy Fig. 1 Life expectancy by Chicago community area dropped below that for non-Hispanic Whites [45] . However, despite being less likely to smoke and drink, foreign-born Hispanics 50 and older are equally likely to be obese and they exercise about the same amount (not very much) as their nonHispanic White counterparts [45] .
Cultural differences have also been cited to explain this paradox. One explanation of this type is the Bbarrio advantage,^which posits that Mexican Americans living in predominantly Mexican neighborhoods have some protective cultural advantage that outweighs the disadvantages of poverty. A 2004 study found support for this notion, noting that older Mexican Americans benefited from immersion in special sociocultural environments which provide a buffer against many of the unhealthful aspects of US culture, but facilitate social support from kinship and community, resulting in lower morbidity and mortality. Indeed, the authors report a significant linear trend for increased neighborhood percentage Mexican American and lower disease prevalence of many medical conditions [46] .
Methodological Considerations
The analysis presented in this paper is subject to at least two statistical problems. First, to avoid an ecological fallacy, we acknowledge that the relationships observed at the community level will not necessarily apply to every individual within that community. Second, the correlation analysis is subject to the modifiable areal unit problem, given that point-based estimates have been aggregated to the community area level, but that the community area boundaries are arbitrarily drawn and modifiable. A re-drawing of these boundaries and corresponding re-grouping of data could produce radically different results.
The primary goal of the present analysis was to demonstrate the importance of local-level data in revealing those areas in greatest need and guiding resource allocation. We were less concerned with presenting an exhaustive analysis of the predictors of variation in life expectancy. We therefore acknowledge that the present analysis could be expanded to include any number of variables thought to impact life expectancy, and we encourage such analyses in future research, particularly as they contribute to the overall understanding of why certain areas see better/worse health outcomes than others.
Conclusion
Public awareness of racial disparities in health has the potential to influence the response of policymakers, individuals, and communities. Similarly, lack of awareness can result in lack of attention to the problem and action to address it [47] . Thus, the importance of studies like the present one and those referenced throughout this discussion cannot be overstated. The examination of data at the local level provides invaluable insight into which communities are facing the greatest burden in terms of health and well-being. It is only through the examination of local-level data that we can understand the unique needs of these communities and begin to address them. For example, when our previous work revealed a high prevalence of and mortality from diabetes in one particular Chicago community, this led to the development and implementation of a diabetes intervention, the founding of a community-based organization focused on diabetes, and a National Institutes of Health grant to support this work [48] . Thus, this type of data is critical both for catalyzing community action and securing funding to support health interventions. 
